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During the  past  fow.years  use of t h e  dissect ing microscope 

f o r  morphologic analys.is'of i n t e s t ina l  biopsies has been of con- 

siderable value i n  t h e  characterization of normal i n t e s t i n a l  

v i l l ous  forms, and i n  t h e  diagnosis of coeliac disease,  idiopathic 

steatorrhea,  and other malabsorption syndromes, [McCarthy e t  al, ' 

1964, Brackenbury and Stewart, 1963, Holmes e t  al, 1961a, 1961bI. 

Such a.technique has at t i m e s  proven t o  be superior t o  conven- 

t i o n a l  his tologic  procedures, since cross sections of r idges 

i n  t h e  lat ter technique can produce a r t i f a c t s  t h a t  appear l i k e  

v i l l i ,  thus  hindering an 'evaluation of'  t he  degree of v i l lous  
. ----7 

atrophy GcCarthy 'et al , 19641. However , reports  have not appeared / 
i n  which t h e  dissect ing microscope has been'uti l ized rout inely fo r  

diagnosis of i n t e s t i n a l  pathologies i n  experimental animals. 

Although i n t e s t i n a l  v i l l i  of t he  laboratory rat are grossly 

barely v i s ib l e ,  conventional his tologic  techniques have been used 

f o r  many years i n  experimental pathology of the  gas t ro in tes t ina l  

t r a c t  of t h e  rat. 

t i n a l  experiments involving pylori'c-ligation [Shay e t  a1 , 19451 , 
r e s t r a i n t  [Rossi e t  al, 1956, Brodie and Hanson, 19601 , drug 

administrative [ Segal, 1960 , Pfe i f f e r  'and Gass , 19621, behavioral 

Since t h e  rat is  commonly used i n  gastrointes- 
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[Sawrey and Weisz, 1956, Ader e t  al', 19601, and other  procedures, 

t h e  following experinients were conducted t o  determine 1, t h e  

normal v i l l ous  s t ruc tu re  f o r  various regions of t h e  rat in t e s t ine ,  

and 2, whether macroscopic techniques. can be used f o r  pathologic 

diagnoses of the  in t e s t ines  of t h e  rat. 

Materials and Methods 
. .  . .  

Thirty-nine normal m a l e  Sprague-Dawley rats (150-300 g) were 
. - .  

sacr i f iced  by in t r ac ran ia l  in3ection of alcohol. The e n t i r e  

i n t e s t i n a l  t r a c t  w a s  immediately removed and placed i n  warm 0.9% 

N a C l  solution. One-inch segments from t h e  duodenum, jejunum, 

ileum, and d i s t a l  colon were dissected from t h e  alimentary canal,  ; 

everted,  cleaned, and photographed. Cleaning of v i l l i  w a s  accom- 

plished by gent le  shaking of t h e  everted segment i n  0.9% NaC1;  

\ excess debris  was  removed with a s m a l l  forceps. The influence o 

s tarvat ion on v i l l ous  forms was studied on rats fas ted  72 hours 

(water ad l ibi tum).  

on i n t e s t i n a l  segments from anima& subjected t o  the  standard 

operation of Shay [1945] and sacr i f iced  15-17 hours a f t e r  l i g a t i o n  

The influence of pylorus l i g a t i o n  w a s  s tud ie  

Photography w a s  accomplished with an E. Lei tz  Aristophot 

1 Macro Camera with a 4 in .  x 5 in .  format using a 2h-mm or &=iii;;; 

Summar l ens  stopped down t o  t h e  maximum f / s top  of 12 f o r  depth 

of f i e ld .  A long bellows extension w a s  used; i n i t i a l  negative 

magnifications were approximately l.0 and 20. 

immersed i n  a 0.9% N a C l  solution in a p e t r i  dish.  

dish allowed il lumination of t h e  specimen f'rom both above and 

The specimen w a s  

The c l ea r  g lass  
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below the level of the tissue. . Since long exposures averaging 

15 seconds were required, specimeas.'were weighted down by a glass 

rod to prevent floating movements. Also, since lighting is 

[ 
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extremely critical in macrophotography at 10 to 20 magnifications, 

the glass rod inserted through the everted gut segment facilitated 

. parallel alignment of the specimen with the lens in order to pro- 

vide even lighting. 
t 

A Photovolt Meter, Model 50lM,was used to 

i 
F' 

determine exposures, and one or o'combination of two 6 volt, i 

8 amp. Tyoda coil filament lamps with adjustable diaphragms were r 

employed. The angle of light is very critical, especially in 

photography of the colon; in the present study the angle of light 
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ranged from approximately 3 O  below the petri dish to approximately 

20' above the specimen. Orthochromatic films (Ansco Commercial 

Ortho) were used in most instances, with an orthochromatic film 

of relatively high contrast for c'olon photography. 

dimensions were determined photomicronometrically. 

Villous 

Results 
. .  

. 

Villous forms in normal rat duodenum (Fig. 11, jejunum 

(Fig. 2), and ileum (Fig. 3)  were found to be quite consistent 

for corresponding regions in different rats, with an increasing 

1 
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spatulateness of villi from the duodenum to the ileum. This is 

in contrast to the marked variance 'in villous forms observed in 
1 

corresponding intestinal regions. of normal humans [ Brackenbury k 

and Stewart, 1963; Holmes e t  al, 1961a, 1961b1, and to the 
. .  
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decreasing spatulateness of human v i l lous  forms from the auodenum 

toward t h e  ileum. In  general ,  rat duodenal, jejupal, and i leal  

v i l l i  resemble t h e  "tongue and narrow leaf" forms. characterized 

i 

I 

i 

r' 
by Holmes et  al [1961a], Brackenb- and Stewart 119631, and 

McCarthy e t  al [1964] for human t i s sue ;  t h e  "finger l ike"  and 

i 
i 
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ridge" forms described by these Authors are uncommon i n  t h e  rat. 11 

. .  . 
The width of v i l l i  from various regions of t he  normal rat s m a l l  

i n t e s t ine  var ies  from approximate&' 238-794 LI, and t h e  thickness 

from approximately 81-238 v. The height of v i l l i  

by t h i s  method. Normal colonic t i s s u e  i n  the  rat 

i s  not measurable 

i s  void of 

i 

i 

v i l l i  (Fig. 4 ) ,  and is l ined  with: crater- l ike p i t s ,  approximately 

61-91 u i n  diameter.. These p i t s  are t h e  openings t o  t h e  crypts . 

of Lieberkiihn, and are essent ia l ly  inv is ib le  t o  the  unaided eye. 
. .  

During the  course of various..stress impositions, ( s ta rva t ion ,  

; pyloric l i ga t ion ,  gas t r i c  ulcer perforation) a f e w  macroscopic 

[ 
a l t e ra t ions  were notable i n  the  i n t e s t i n a l  v i l l i .  A s l igh t  $2 

5. 

r 

f la t te l l ing of duodenal v i l l i  occurred'(Fig.  5 )  i n  a pylorus- 

l i ga t ed  rat (approximately 40 hr'.. total pre- and post-surgical 

fas t ing) .  
. .  

This phenomenon was markedly exaggerated (Fig. 6) i n  

rats which'had been fasted for  72 hours, but not subject ' to 

pylorus l iga t ion .  

following pylorus l i ga t ion ,  developed a hemorrhagic duodenal 

5 One ra t ,  i n  which a rumenal u lcer  perforated 1 
b 

ulcer t h a t  w a s  grossly v i s ib l e  (FTg. 7). 

1, t h i s  duodenal "stress ulcer" developed i n  a 

It i s  noteworthy t h a t  

presumably acid- 

free environment (due t o  pylorus li 'gation) and 2,  v i l lous  atrophy . .  
\ .. . .  
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w a s  macroscopically apparent adjaient t o  t h e  s i t e  of frank 

hemorrhage (Fig. 7 ) .  

and narrowing w e r e  evident i n  t h e  jejunum following 72 hours fast- . 

ing, but were less marked than in'duodenal t i s sue .  

observed on one occasion i n  the colon of .an untreated rat (Fig. 9 )  

Although t h e  etiology o f t h e  colonic u lcers  i s  not known, it i s  

As indicated i n  Fig. 8, v i l lous  f la t ten ing  

Ulcers were 
. .  

in te res t ing  t o  compare t h e i r  morphologic s imi l a r i t y  t o  chronic 

human gas t r ic  u lcers  [Ivy e t  al, 19501. 'The colonic u lcers  

observed here i n  t h e  rat and human gas t r i c  ulcers  are both indurated 
. .  

. 
with margins elevated by a marked pro l i fe ra t ion  of connective 

t i s sue .  

. .  

. .  Discussion 

The present photographic technique i s  offered as a useful  

diagnostic t o o l  f o r  s m a l l  animals..in experimental gastroenterology. 

The macroscopic analysis of villous forms w i t h  the  dissect ing 

microscope provides a panoramic and informative means of appraising 

various pathologies of the intest 'ine, and const i tutes  a useful 

adjunctive procedure f o r  routine his tologic  s tudies .  

. 

. .  

Diagnostic 

c r i t e r i a  relate t o  t h e  degree and- nature 'of v i l lous  atrophy, which 
. .  

appear t o . b e  notable i n  t h e  rat in&est ine following exposure t o  

various s t ressors ,  and resemble t o  a l imited degree the  v i l lous  

atrophy observed i n  human idiopath$c. s teatorrhea and coeliac disease 

[McCarthy e t  al, 1964; Brackenburfr"and Stewart, 1963; Rubin e t  al, 

. .  

I 

19603. Thus, t h e  dissecting microscope may prove useful  i n  t h e  
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invest igat ion of experimental s tea tor rhea ,  s ince t h i s  syndrome 

can be induced i n  t h e  rat' [Hoet and Eyssen, 19641. The villous 

atrophy observed i n  t h e  present s ta rya t ion  experiments concurs 

with the  report  of Sun [1926], who.. demonstrated shortening o r  

disappearance of v i l l i  i n  starved mice, but contrasts  with t h e  

report  of Hooper and Blair [1958],.which indicated a normal 

appearance af duodenal mucosa of starved rats. 

. .  

_- . .  
'< 

i. 1 .  

. .  
. .. . 

. .  

i 

i 

i . .  . .  
. .  

. .  . .  ' 

. .  
* .  



. 

. .  
I . .  

. I  

< 

. .  - 7 . -  
. .  

References 

Ader, R . ,  Tatum, R . ,  and Beels, C.  C. [1960]. Social  f ac to r s  
. .  

af fec t ing  emotionality and resis tance t o  disease in-animals.  

J. Comp. and Physiol. Psychol., '53, 446-454. 

Brackenbury, W:, and Stewart, J; S, [1963]. Macroscopic appear- 

ances of mucosal biopsies  from t h e  s m a l l  i n t e s t ine .  Med. and 

. .  Biol. I l l u s t . ,  13, 220-227. 

Brodie, D. A., and Hanson, H.  M. [396d]. A study of t h e  fac tors  

involved i n  t h e  production of g a s t r i c  u l ce r s  by t h e  restraint  

technique. Gastroenterol . , 38, 3.53-360. 

Hoet, P. P., and Eyssen, H. [19641. Steatorrhea i n  rats with an 

i n t e s t i n a l  cul-de-sac. Gut , 5, 309-314. 

Holmes, R., Hourihane., D. O . ,  and Booth, C .  C.  [1961a]. Dissecting- 

microscopic appearances of je juna l  biopsy specimens from pa t i en t s  

w i t h  id iopathic  steatorrhea.  Lancet , 1, 81-83. 
_- 

Holmes, R. ,  Hourihane, D. 0. , and Booth, C. C .  [1961b]. The 

mucosa of t h e  s m a l l  in tes t ine .  Postgrad. Med. J. ,  37, 717-724. 

"he e f f e c t  of s ta rva t ion  on 

+ 

Hooper, C. S., and B l a i r ,  M. [1958']. 

e p i t h e l i a l  renewal i n ' t h e  rat duodenum. . E x p .  C e l l .  R e s . ,  1 4 ,  

Ivy, A.. C . ,  Grossman, M. I., and Bachrach, W. H, [1950]. Peptic 

- Ulcer. The Blakiston'Co., Philadelphia,  Pa., U.S.A., 13-17, 

48-49 

, 
. .  



. .  

- 8 .- 

McCarthy, C. F., Borland, J. L. ,  Jr., Curty, S. M. ,  and Ruffin, J. M. 

119643. 

of nontropical sprue, Am. J. Path., 44, 585-595. . 

The value of t h e  dissecting microscope i n  t h e  diagnosis 

P fe i f f e r ,  C. J., and Gass, G. H. [1962]. Caffeine-induced ulcero- 

genesis i n  the  rat: Can. J. Biocllem. and Physiol., 40, 147301476. 

Rossi, G. ,  Bonfils, S., Lieffogh, .F., and Lambling, A. [1956]. 

Technique nouvelle pour produire des ulcerations gastriques chez 

l e  R a t  blanc: l ' u l c8 re  de c o n t r a i d e .  Comp. Rend. SOC. Biol , ,  

150, 2124-2126 

Rubin, C. E. ,  Brandborg, L. L . ,  Phelps, P. C., and Taylor, H. C. 

[1960]. 

and specif ic  nature of t h e  duodenal and proximal je juna l  les ion  

i n  ce l iac  disease and idiopathic.  sprue. 

Studies of'  ce l iac  disease. I. The apparent i den t i ca l  

Gastroenterol. , 38 ,, 
. .. 

28-49. 

Sawrey, W. L. ,  and Weisz , J. D. [ 19561. An experimental method 

of producing gas t r i c  ulcers.  J.. Comp. and Physiol. Psychol., 

49, 269-270. 

Segal, H. L. 119601. .Ulcerogenic drugs andtechnics .  Am. J. Med., 

29, 780-792- 

Shay, H., Komarov, S. A. ,  Fels ,  S. S., Meranze, D. ,  Grueaateiii, M, 

and Sip le t ,  H. [1945]. A simple method f o r  t h e  uniform produc- 

t i o n  of gas t r i c  ulceration i n  t h e  rat. Gastroenterol., 5, 43-61. 

Sun, T. S. [ 1926-71. Histophysiological study of the ep i the l i a l  

changes i n  t h e  s m a l l  i n t e s t ine  of t h e  albino mouse after 

s tarvat ion and refeeding. Anat L Rec. , 34, 341-349. 

.. . 
. I  

. .  



t - . .  
z . .  . .  4 '  .' . 

. .  

- 9 -  I . . _ .  

1 
Figure-Ti t les  I I 

Fig. 1.- Duodenum of norma3 ra t .  :x22 

Fig. 2.- Jejunum of normal r a t .  Note increase i n  broadness from 

-duodenal v i l l i .  ' X30 

Fig. 3.- Ileum of no& rat. Darkening of cen t r a l  regions of 

v i l l i  due t o  vascularity.  X50 

Fig. 4 .- Colon of normal rat. Note openings t o  crypts .of LieberkWm 

and small arteries. x50 

Fig. 5.- Duodenum of pylorus-ligated rat .  Note s l i gh t  f la t ten ing  

of v i l l i  not apparent i n  normai duodenum (Fig. 1). '(23 

Fig. 6 . -  Duodenum of fas ted  (72 hr.') rat. Note marked f l a t t en ing  

of villi. x22 

F i g .  7.- Duodenal '.'stress ulcer" is pylorus-ligated rat w i t h  

perforated rumenal' ulcer. Note dark cent ra l  area (frank 

hemorrhage ) and ad3 acent v i l l u s  atrophy . x22 

Fig. 8.- Jejunum of fasted (72 hr . )  rat. x22 

Fig. 9.- Ulcers i n  colon untreated rat. Note s imi l a r i t y  t o  chronic, 

human gas t r i c  ulcer .  . x24 
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